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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation nnay not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Without refining beforehand the hydrogen containing gas produced by 
reforming especially the fuel concerned to a high grade about the fuel cell which uses alcohol, 
such as hydrocarbon, such as methane, or methanol, as fuel, this invention is devised so that 
the hydrogen pole of the cell concerned can be directly supplied by using reformed gas as fuel. 

[0002] 

[Description of the Prior Art]Since the fossil fuel which has a drain problem of resources does 
not need to be used for a fuel cell and also it has the feature which was excellent in hardly 
generating noise but being able to make recovering efficiency of energy very high compared 
with other Energy Agencies etc., For example, it is used as a comparatively small power 
generating plant of a building unit or a factory unit. In recent years, this fuel cell is used as a 
power supply of the motor which replaces with the internal-combustion engine for mount, and 
operates, and it considers driving vehicles etc. by this motor. In this case, make into a natural 
thing for an important thing to reuse the substance generated by a reaction as much as 
possible, and so that clearly also from it being an object for mount. As for a not much big 
output, it is desirable that it is small as much as possible with all the incidental facilities of a not 
required thing, and the fuel cell which uses an ion-exchange membrane from such a point, 
especially the solid-polyelectrolyte-membrane fuel cell attract attention. 
[0003]Here, the basic structure of a solid-polyelectrolyte-membrane fuel cell body is explained 
as an example, referring to drawing 4 . As shown in the figure, the cell proper 01 is constituted 
by joining the gas diffusion electrodes 03A and 03B to the both sides of the solid 
polyelectrolyte membrane 02. And this zygote is manufactured by carrying out a hotpress etc., 
after setting the gas diffusion electrodes 03A and 03B by the both sides of the solid 
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polyelectrolyte membrane 02. As for the gas diffusion electrodes 03A and 03B, the reaction 
films 04A and 04B and the gas diffusion films 05A and 05B are joined, respectively, and the 
surface of the reaction films 04A and 048 touches in the electrolyte membrane 02. Therefore, 
a cell reaction mainly occurs by the contact surface between the electrolyte membrane 02 and 
the reaction films 04A and 048. The gas separator 07 with which the gas separator which has 
the oxygen supply slot 06a has the hydrogen supply slot 07a in the surface of the gas diffusion 
electrode 038 of another side again Is joined to the surface of the above-mentioned gas 
diffusion electrode 03A, respectively. 
The oxygen pole and the hydrogen pole are constituted. 

[0004]And If the oxygen supply slot 06a and the hydrogen supply slot 07a supply oxygen and 
hydrogen, respectively, oxygen and hydrogen will be supplied to the reaction film 04A andB 
[ 04 ] side via each gas diffusion films 05A and 05B, and the following reactions will occur by 
the Interface of each reaction films 04A and 04B and the electrolyte membrane 02. 
Interface [ of the reaction film 04A ]: - interface [ of the 02+4H"^+4e " ->2H ^ reaction film 
048 ]: -- 2H 2->4H"^+4e " - here, although 4H"^ flows into an oxygen pole from a hydrogen pole 

through the electrolyte membrane 02, 4e " will flow into an oxygen pole from a hydrogen pole 
through the load 08, and electrical energy is obtained. 

[0005]By the way, when hydrocarbon or alcohol is used as a raw material, conventional 
methods of working a fuel cell and obtaining electric power Include a thing as shown In drawing 
3. In the figure, after desulfurlzing material gas first, if steam Is mixed at a predetermined rate 
and It feeds Into a reformer, the following steam reforming reactions will advance under 
existence of a reforming catalyst. That Is, If the example of methane shows, the reaction of 
reaction-formula (1) - (3) shown below "** 1" will advance. 
[0006] 
[Formula 1] 



CH4 




Hs 0 


— > 


CO 


+ 3H2 


- - • (1) 


CO 


+ 






CH. 


+ Hz 


• • • (2) 


CO 


-1- 


Ha 0 


— > 


COa 


+ Ha 


■ ■ • (3) 



[0007]A reaction advances to the direction where the concentration of H^+CO becomes high, 

so that the reforming reaction of hydrocarbon, such as the above-mentioned methane, has the 
viewpoint of a thermodynamlcal equilibrium to a high temperature, and a pressure Is low and 
there are many steam ratios. 

[0008]As a result, although the gas of CH^, H2O, CO, and CO2 besides Is contained, the 
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outlet gas of a reformer, Generally, with neither a phosphoric acid type nor a solid 
polyelectrolyte nnembrane type fuel cell, since CO serves as catalyst poison, the reformed gas 
from a reformer can be used as fuel gas for direct fuel cells. 

[0009]Then, reformed gas is fed into a CO transformer, CO is converted by the above- 
mentioned reaction (3) under catalyst existence at H^, and reducing CO concentration to about 

0.5 to 1% is performed. When it is furthermore necessary to reduce CO concentration, raising 
purity is performed until it applies the gas after CO conversion to a gas purifier further, for 
example, CO is set to 10 ppm or less. As a gas purification method at this time, there are 
means, such as low temperature processing, an adsorption separation method, the deoxo 
method by a palladium catalyst, a wet absorption purification method, and a diffusion method 
by a palladium system alloy film. 

[0010]Thus, the combustion heat of hydrogen is transformed to direct current power by 
supplying the gas (CO concentration was reduced especially) containing hydrogen of the high 
grade obtained to the hydrogen pole of a fuel cell, and supplying air or oxygen gas to another 
side and an oxygen pole. 
[0011] 

[Problem(s) to be Solved by the lnvention]ln conventional technology which was mentioned 
above, it is a fuel cell, especially it is obliged to complicated down stream processing (refer to 
drawing 3) in especially concentration reduction of CO so that poisoning of the polar-zone 
catalytic reaction layer may not be carried out. 

[0012]That is, there are the following faults after a steam reforming reaction. 

1) Need a CO transformer. 

2) Need an advanced refiner further depending on the case. 

3) As a result, device expense and a running cost become expensive and worsen economical 
efficiency. 

[0013]An object of this invention is to provide the fuel cell which can supply reformed gas to 

the fuel cell concerned directly in view of the above-mentioned problem. 

[0014] 

[Means for Solving the Problem]Composition of a fuel cell concerning this invention which 
attains said purpose. In a fuel cell which operates considering gas containing hydrogen as fuel, 
hydrogen separation membrane which makes hydrogen penetrate selectively to the hydrogen 
pole side of an electrolyte layer of a PURONTO conduction type is allocated. Hydrogen is 
made to penetrate preferentially out of gas which touches a hydrogen pole via the hydrogen 
separation membrane concerned, and it generates electricity by transmitting to said electrolyte 
layer. 

[0015]Hereafter, the contents of the fuel cell concerning this invention are explained in detail. 
[0016]lt is a lineblock diagram showing an outline of a fuel cell concerning this invention in 
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drawing 1 . As shown in the figure, the catalyst bed 12 for hydrogen dissociation is formed in 
one side of the electrolyte mennbrane 1 1 , and the catalyst bed 13 for hydro-acid-izing is formed 
in the side of another side. The palladium system metal membrane 14 as hydrogen separation 
membrane which serves as a hydrogen electrode, and the negative-electrode side gas 
separator 15 are laid on top of the side of the catalyst bed 12 for one hydrogen dissociation 
one by one. The oxygen electrode 16 of porosity nature and the anode side gas separator 17 
are laid also on top of the side of the catalyst bed 1 3 for hydro-acid-izing of another side one 
by one. 

[0017]And the hydrogen content fuel gas 18 as reformed gas is discharged out of a system as 
the stream 20, after the fuel gas flow route 19 formed in the above-mentioned negative- 
electrode side gas separator 15 is supplied and hydrogen is consumed in part. On the other 
hand, the oxygen containing gas 21 , such as air, is discharged out of a system as the stream 
23, after the oxygen containing gas channel 22 formed in the anode side gas separator 17 of 
an opposite hand is supplied and oxygen is consumed in part. 

[0018]The palladium system metal membrane 14 as hydrogen separation membrane which 
serves as the above-mentioned hydrogen electrode here. It has the capability to make only 
hydrogen in the hydrogen content fuel gas 18 penetrate selectively, and he penetrates inside 
of the palladium system metal membrane 14 concerned, and is trying to lead hydrogen of the 
above-mentioned hydrogen content fuel gas 18 to the proton conduction type electrolyte 
membrane 11. 

[0019]As the palladium system metal membrane 14 which mal<es this hydrogen penetrate 
selectively, a Pd single clever film, a Pd-Ag alloy film, a Pd-Y alloy film, a Pd-Ag-Au-Ru alloy 
film, etc. can be mentioned, for example. 

[0020]About passage of hydrogen in these palladium system metal membranes, many 
researches are made after discovery of Graham, and the setting out of the penetration 
mechanism is as follows. 

(1) A hydrogen content child sticks to the surface of a film by the side of raw gas. 

(2) Dissociate to a hydrogen atom, with a water-of-adsorption matter molecule adsorbing. 

(3) An adatom ionizes, separate into a proton and an electron and award an electron to 
metallic lattices. 

(4) It is spread in an opposite hand (purified water matter side) from the membranous raw gas 
side in the state of a proton. 

(5) A proton receives an electron from metallic lattices in an opposite hand, and an atom of a 
letter of adsorption generates. 

(6) Combination of two water-of-adsorption matter atoms generates a water-of-adsorption 
matter molecule. 

(7) a film surface to a hydrogen content child ~ desorbing . 
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Only hydrogen which carries out dissociative adsorption and can be in a proton state by an 
above-mentioned step can carry out diffuse transnnission of the inside of a filnn. 
[0021]Next, relation between an action of hydrogen and acid which are supplied as fuel of a 
fuel cell which made a hydrogen pole the above-mentioned palladium system metal membrane 
14, and electric power to generate is explained below. 

[0022]First, hydrogen infiltrates into said palladium system metal membrane 14 from the fuel 
gas flow route 19 side by the side of a negative electrode, and with the alternative hydrogen 
permeation function of this film, after it moves to the other end of the palladium system metal 
membrane 14 concerned in the proton H'^24a state, it is diffused in the catalyst bed 12 for 
hydrogen dissociation in a hydrogen content child's condition. Next, a hydrogen content child 

dissociates by a catalysis of the catalyst bed 12 concerned, and proton and electronic e " 
are generated. The proton H"^ concerned becomes the flow 24b of proton H"^ which diffuses 
the electrolyte membrane 11, The catalyst bed 13 for hydro-acid-izing is reached, and it flows 
through the flow 25 and an external electric circuit of which diffuses inside of the porous 

oxygen electrode 15 from the oxygen containing gas channel 22 side by the side of an anode. 
The flow 26c of electronic e ' is joined, it reacts and is generated. The H^O concerned 
diffuses inside of the oxygen electrode 15 for reverse in the flow 25 of arrives at the anode 
side oxygen containing gas channel 20, and is discharged. 

[0023]That is, when a reaction in polar zone is summarized, it comes to be shown below "** 2." 

[0024] 
[Formula 2] 

In the catalyst bed 12 for hydrogen dissociation, it is H2->4H"^+4e ' ... (4) 

it sets to the catalyst bed 13 for hydro-acid-izing ~ 4H"^ ~ +4e " +02->2H 2O ... (5) 

[0025] Electronic e ' generated at the above-mentioned reaction (4) becomes the flows 26a, 
26b, and 26c of electronic e " , moves to the antipole side, and contributes to a reaction (5). 
When a flow of electronic e " passes the electric load resistance 27 at this time, it will be 
outputted as electric power. 

[0026]As shown in drawing 1 , provide the palladium system metal membrane 14 as hydrogen 
separation membrane which makes hydrogen provided in the negative-electrode side 
penetrate selectively in the above-mentioned explanation in a one side face of the catalyst bed 
12 for hydrogen separation membrane established in the side of the electrolyte membrane 11, 
but. Explanation of a fuel cell constituted without using the catalyst bed 12 for these hydrogen 
separation membrane is explained with reference to drawing 2 . 
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[0027]Although composition of a fuel cell shown in drawing 2 j oins the palladium system metal 
membrane 14 to the side of the electrolyte membrane 1 1 directly compared with a fuel cell 
shown in drawing 1 and it differs in that the catalyst 13 for hydrogen separation membrane is 
made unnecessary, other composition supposes that it is the same as that of composition of a 
fuel cell shown in drawing 1 . Therefore, about an overlapping member, a duplicate number is 
attached and the explanation is omitted. 

[0028]Next, relation between an action of hydrogen and acid which are supplied as fuel of a 
fuel cell which makes a hydrogen pole the above-mentioned palladium system metal 
membrane 14, and is directly joined to the electrolyte membrane 11, and electric power to 
generate is explained with reference to drawing 2 below. 

[0029]First, from the fuel gas flow route 19 side by the side of a negative electrode, hydrogen 
infiltrates into said palladium system metal membrane 14, and with the alternative hydrogen 
permeation function of this film. After moving to the other end of the palladium system metal 
membrane 14 concerned in the proton H'^24a state. With a state of proton H"^24a, advance 
into the electrolyte membrane 11 concerned and further the proton H"^ concerned. It becomes 
the flow 24b of proton H"^ which diffuses the electrolyte membrane 1 1 , the catalyst bed 13 for 
hydro-acid-izing is reached, and it flows through the flow 25 and an external electric circuit of 
©2 which diffuses inside of the porous oxygen electrode 15 from the oxygen containing gas 

channel 22 side by the side of an anode. The flow 26c of electronic e ' is joined, it reacts and 
is generated. The concerned diffuses inside of the oxygen electrode 15 for reverse 

in the flow 25 of O2, arrives at the anode side oxygen containing gas channel 20, and is 

discharged. 

[0030]That is, when a reaction in polar zone is summarized, it comes to be shown below "** 3." 

[0031] 
[Formula 3] 

hydrogen is set on the surface (hydrogen pole side) of the palladium system metal membrane 
14 penetrated selectively - H2->4H"^+4e" ... (6) 

it sets to the catalyst bed 13 for hydro-acid-izing ~ 4H"^ - +4e " +02->2H 2O ... (7) 

[0032] Electronic e " generated at the above-mentioned reaction (6) becomes the flows 26a, 
26b, and 26c of electronic e " , moves to the antipole side, and contributes to a reaction (7). 
When the flow of electronic e " passes the electric load resistance 27 at this time, it will be 
outputted as electric power. 

[0033]The above and the palladium system metal membrane 14 have the operation which 
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adsorption-dissociates and nnakes hydrogen ionize, and hydrogen nnoves in the state of proton 
H"^ in the inside of a film. Therefore, the flow of proton H"^ can be delivered to the electrolyte 
mennbrane 11 fronn the palladiunn systenn nnetal nnennbrane 14 by joining the palladium system 
metal membrane 14 and the electrolyte membrane 11 directly. 
[0034] 

[Exam pie] Hereafter, based on the following examples, it explains that the fuel cell by this 
invention is effective. When a voltage x current characteristic (IV characteristic) operates a cell 
by 0.15 W/cm^ by 0.75Vx0.2 A/cm^, i.e., power flux density, it asks for the flux of the hydrogen 
which flows through a cell. Make potential efficiency of a cell into 64%, and since the hydrogen 
initial complements per 1 W are about 0.025 mol/h-w, Hydrogen flux phiH2 at the time of power- 
flux-density 0.15 W/cm^ serves as a mol (0.15 (0.025)) / cm^ and h= 1 .37-cm'^/cm^, and mm. 
Below, the conditions of the palladium system metal membrane for obtaining the 
aforementioned hydrogen flux are examined. Hydrogen flux phiH2 which lets the palladium 

system metal membrane concerned pass is given by the formula shown below "an one 

number." 

[0035] 

[Equation 1] 

0H2=K-exp [ -Ba/RT] • (VT^-ZTT) • * • CD 

K -.ymmmim (cm' /cm' -mm) 
Ph , Pl : ^t^^~n7K^fcol.^TCD±»J^J£, Tj^M^ffiCatm) 
E a : tet^C*rr5??mfb:Lt^;l/^- (= 2 5 5 0 c a ! /mo 1 ) 
R : (= 1 . 9 8 7 c a ] /m o I - k) 

T -.mnum (k) 

[0036]Here, operating temperature shall be 120 ** (=393K), and downstream hydrogen content 
pressure is temporarily set to P|^**Oatm. A Pd-Ag alloy film is adopted as a palladium system 

metal membrane. Since the thickness and hydrogen permeation coefficient are in inverse 
proportion, by adjusting thickness, the hydrogen permeation coefficient K can be set as a 
predetermined value, and the value of K= 200-300 can be realized comparatively easily. It will 
be set to P|,_=0.0143 - 0.0322atm if upstream hydrogen content pressure Pj, which obtains 
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hydrogen flux phiH2=1.37-cnn /cm , and nnnn is calculated fronn the above-nnentioned 
expression (1). 

[0037]Therefore, in operating the total pressure of hydrogen content fuel gas by 2atnn, the 
hydrogen concentration in the fuel gas serves as a good thing with 0.7-1. 6-nnol% of order. 
[0038] However, gas constituents other than that downstreann hydrogen content pressure is not 
zero actually and hydrogen, Since it is resisting to diffusion of hydrogen in the gas lanninar filnn 
formed in the upstream and the downstream of the palladium charge metal membrane 
concerned, a larger value than an above-mentioned upstream partial pressure or the value of 
upstream hydrogen concentration is needed, but. The example which rounded and made the 
formation conditions of the fuel cell as an experiment is shown below by making an above- 
mentioned condition value into a rule of thumb. 

[0039](Example 1) This example is an example concerning the composition of the fuel cell 
shown in drawing 1 , and shows the result of structure, an operating condition, and the acquired 
power generation characteristic below, using a Pa-Ag alloy film as the palladium system alloy 
film 14. 

[0040]Although the hydrogen containing gas and oxygen containing gas which the fuel cell was 
made to energize were seen from battery capacity and it was superfluous, it turned out that it 
can generate electricity by the battery construction proposed by this invention. 
[0041] 

(1) Structure conditions of a cell The effective power generation surface product of a cell :. [ 5 
cm X 5 cm ] Electrolyte membrane (construction material) : perfluoro sulfonic acid type ion- 
exchange membrane (film thickness) : 125 micrometers :(ion exchange capacity Ae) 1.1 
meg/g-resin Catalyst bed (construction material) :P. t support carbon particle layer (a hydrogen 
pole side, the oxygen pole side) 

(thickness) :0.12mm:(amount of Ft support) 1.5 mg/cm^ hydrogen separation metal film 
(construction material) :P a and Ag alloy film (Ag content) :25wt% (thickness) : ~ about 10 
micrometers oxygen electrode (construction material): ~ sheet made from porous carbon . 
(Thickness) : ~ about 0.4 ~ mm gas separator (construction material): ~ SUS316L:(shape of 
quirk) pitch [ 0.4 mm/ in width / x depth / of 0.5 mm / x ] (2) operating condition of 1 mm 
temperature: ~ 100 ** pressure: ~ ordinary pressure hydrogen containing gas (presentation): ~ 
H2:30-mol % and 0:30 mo! of N^. 38.5 mol %, CO: 1.5 mo! %:(flow) 1200 Ncc/min 
oxygen containing gas (presentation): Humidified air (02:19%, N2:71%, 0:10% of H^) 
(Flow) :1500 Ncc/min(3) power-generation-performance voltage: ~ 0.7V current density: ~ 
0.08 A/cm^[0042](Example 2), next the example concerning the composition of the fuel cell 
shown in drawing 2 are described. In this example, it has joined to the electrolyte membrane 
1 1 directly, using a Pa-Ag alloy film as the palladium system alloy film 14. The result of this 
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structure and operating condition, and tlie acquired power generation characteristic is shown 
below. 

[0043]As for the hydrogen containing gas and oxygen containing gas which the fuel cell was 
made to energize, concentration distribution had beconne the annount of oversupplies, seeing 
fronn battery capacity so that nnight not be fornned in the gas side within a cell, but it turned out 
that it can generate electricity by the battery construction proposed by this invention. 
[0044] 

(1) Structure conditions of a cell The effective power generation surface product of a cell :. [ 5 
cnn X 5 cnn ] Electrolyte nnennbrane (construction nnaterial) : perfluoro sulfonic acid type ion- 
exchange nnennbrane (film thickness) : 125 micrometers :(ion exchange capacity Ae) 1.1 
meg/g-resin Catalyst bed (construction material) :P. t support carbon particle layer (however, 
only the oxygen pole side) 

2 

(thickness) :0.12mm:(amount of Pt support) 1.5 mg/cm hydrogen separation metal film 
(construction material) :P a and Ag alloy film (Ag content) :25wt% (thickness) : -- about 10 
micrometers oxygen electrode (construction material): - sheet made from porous carbon . 
(Thickness) : -- about 0.4 - mm gas separator (construction material): -- SUS316L:(shape of 
quirk) pitch [ 0.4 mm/ in width / x depth / of 0.5 mm / x ] (2) operating condition of 1 mm 
temperature: -- 101 ** pressure: -- ordinary pressure hydrogen containing gas (presentation): - 
H2:20-mol % and 0:30 mol of H^%. N2:48.5-mol % and CO: 1.5 mol %:(flow) 1240 Ncc/min 

oxygen containing gas (presentation):humidified air (02:19%, N2:71%, 0:10% of H2) 
(Flow) :1550 Ncc/min(3) power-generation-performance voltage: ~ 0.71V current density: ~ 
0.05 A/cm^[0045] 

[Effect of the lnvention]As mentioned above, since the palladium system metal membrane was 
used as a hydrogen pole according to the fuel cell concerning this invention as stated with the 
example, the effect which can penetrate only hydrogen selectively and is shown below is done 
so. 

1) In order to obtain high purity hydrogen like a conventional method, it becomes unnecessary 
to refine hydrogen, and the whole system is simplified and miniaturized by the deoxo method 
or membrane-separation method for burning selectively CO which remains further after CO 
water gas shift reaction with a catalyst (C0->C02), the adsorption purification method, etc. 

2) The composition of a fuel cell does not become complicated in particular as compared with 
a conventional method. 

3) In joining a palladium system metal membrane to an electrolyte membrane directly, a 
catalyst bed becomes unnecessary and structure simplifies. 

4) So, it can contribute to energy saving and saving resources by the effect of the above 1-3. 
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[Translation done.] 
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